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TRENDS IN INSTI?UKZ!ITATION FOR ENVIRONMENTAL
RADIATIO!J MEASUREMENTS AT

Lrl~ ALAM~S SCIE!{TIFIC LA9fjRAToRY

R. D. Hiebert and M. A. Holf
Los Alamos Scientific Laboratory

P, O, BOX 1663, MS 956
Los Alamos, NM 87545

Recent instruments developed to fulfill radiation
monitoring needs at Los Alamos Scientific Laboratory
are described. I.ahoratory Instruments that measure
tr{tium gas efflllents alone, or in the presence of
activated air from D-T fusion reactors are discussed.
Fully portable systems for ganrna, x-ray, and alpha
analyses in the field are described. Also included
are descriptions of survey instruments that measure
low levels of transuranic contaminants and that meas-
ure pulsed-neutron dose rates.

~fl~rorluction

A wide assortment ?f radiation monitoring instru-
rrentz has hw?n developed at Los Ala~os Scientific
Laboratory (LASL) in recent years, These developments
have heel confined ta those needs that cannot he
fil let-lby connn~rclally available instruments. This
paper revicw~ some of our instruments that have iJppli-
cations In the broad classification of environmental
measurements and discusses current problems involving
instruments.

The descriptions are qrouped in !hree major cate-
gories, The first pert.sins to instruments an+ prob-
lem relating to th~ monitoring of airbornr trltlum.
Tritium is widely uted in research proqrams at LASL,
and WP hdvc a Cnntlnlling ‘nStrUWntat{CIn program to
control, minimize, ml document atmospheric releases
of this isotopi:. The second category includes porta-
ble iustrlmnts used In field survev applications.
These Instrurlent,$ have hcrn des{gn[,d with high senci-
tivlty as 8 kcy feature and with physical charactcris-
tirs desired by the peopl~ who do the field work. The
third catcgor,y inrludcs instruments for nuclpar spec-
troscopy with emphasis on portability and scnslttvity.

Airl].~r,nc-Tri t.Iu.mMon.i.t.orJ

A trltlum beta has # miixfmurn cncrg.v of ltl kcV
with a mrnn enerqy of 5.6 kcV. At thcsr low cnrrgi~s,
l!IC ~~mplcd alr ’must bc In Intlmdtc cont~ct with the
rirtf:ctinq mtxilum, Most of our instruments uqc flow-
t,lII,CIIIrJI Ion17 al, I(jn chamlwrs , althnllr,hWP arr drv~lop-
In!ta flOW-I Ilwuql) K( in! I11at Ifm rlf,trrt,nr that i~. rlP-
r,crlhr!dh~~low, lhr r,lIIp!I-,!mr,~:l)r~lmnt 1< Ln rh, tw-
mlnf! totJ! trliium nctivlly without f,,,t,r’d for ,’~
fnrm (urIInlly NT qnr, or irlt l.ItIIJ!w.11,r VIIWIr), or
whothcr It It mixvrl wII+ c ,Ilt.,wllll,lnt1~,rlt,r)pr~,, 11P
cir”,cr ihc wvllral Inr,trumrnt$ in this nnnr,ljlrrtiv~
cla I,,,,al Im!j with prP IlIn’‘lary do!,lgns for cm ln\trli-
mmt that dlf rrrunt IiIt. fI”l hctwv~ln tr It{urngos and tr lt-
latud Watl?r vapor (lITO). anri nn~ that snlrctfv~ly
:nml”iurct trit Ium III thr prv’,wlcv of gnws IImlIt In:j
h I!;llurcnerq,y brt as in tIro art Ival.rvla Ir producvd l~,y
II-T fusion rphctors,

NOn!,CIret ivc Tr it;urnMJIrIlttlr~

Inst.rumvnt I, thaf dIIII,~l Int nl trl[l IJllII qdI ilil..,.,
of its fonn art’ cwmnon lIrCA\P thl’y firf’rfiIiitivc ly
s!mple to fal]rlcfit.o, and lll[’lltlll”(’lll~’rlt’1uf tot al tr It-
Ium wII1 uriua]ly provirtr Inform,lll(m %ufflrlc’nt for
radtoloqtcai cnntrol, TIIP rparllngt In drl~,lmrtrtc

terms are usually in the “safe” d’
posure tolerances assume worst-ca!
sampied air. Note that the radio

rect on because ex-
e form (HTO) in the
ogical significance

of these forms varies qr~atlv: ‘exoosure to a given
concentration of tritiwii gas ‘(HT) {n air leaas ‘.0 a
dose that is hundreds to tens of thousands af times
less than that resulting from exposu?e to the same
concentration of HTO.

We have developed special ianizatlon chambers and
electronics far our monitoring needs. The chamhers
are to provide reduced sensitivity to contamination
and extended radiation sensitivity range. Important
features of the electronics are stability and wide
rancjc.

A popular flw-through tritium detectnr ir the
Kanne chamher, Figure 1 shows ,1 conventional 51-4

1>1
I91s4?

r““.3MIAA1UI
.Ibcrw Wu

Fig. 1. Convcntlunal 51-1 Kanne chamhfr.

KannP chamhcr. as rlcscrlhrnlIIY IIOY.1 which cnnsists nf
thrc~ cuncontric cylinrh?r;, ~ith-thr outrr and Inuor
(signal I’lcrtrofle) cylindrrs at or near gr[lunrlptltvn-
tlal Jnrl tho Iutermcdiatu cylinrlcr at iibout 7(llJV,
The inner roglon hct.wecn the signal clcctrorh anti th~
Intcrmrdiatc cyl inctcr IS the mrmsuring chomhrr. llaw-
cvcr, in our operating cnv~ronmcnts, the Kannc chnmber
Is cxpnrcrt to high concrntratirrns of rnrlloactivl’ ga’;rh
such os IiTO, or to air contamlnatori with Lritl,ltlld
011, aIId the bI~Ild-lJp of surf ace actlv Ity rorluc~r,I,hc
$pnr,ltlvlty nf t,ho chamher at. low tr It lum conr~~nlra-
tInns. Many of our rnv ironmrnt. almra~ur-lmwnt ~,roqui r,}
lnt[’gr~tIon of the dcicctor currs!nt tn drtwmlnr lhv
;,]t.al tr lt.lum ef fIwnro w Ith t IIIIO;any Ilnrprta IId ,v In
rbt I -tnr hackqround nr InsI,rlmw,ntal I[,r(j df.rl~1110,,
tlw’lc mvasurtvnents.

TO cope with tliu~(~prohlww,, wc r~,d[!..lgnciltho

chnrnhrr ml rtr’v~lnprvlncw Plrctronlcs.7 riqurr 7
showf tk improvrd A nnnc chamhor, Our ol~Jmllvr W(I$
tII rt’dllcf’tIll’\Pn\ IIiv!’%urfacr arra, wh{!rl~cmt amlna-
tIIIn rent r IImtlvl to ch,lml)orharkground, ThII IIItPrm~-
Nintr hiqh-volt.aqo r.yllndw wa:, rl~placl!d I)v n rvl ln-
JI 1(,,11nrrny nf IIf nlchromc wlrcs that .w-11p,lraIIcI
tn the c!’!!’torrlrx’trorto. Thr cmvwt lona I coI~Ira I
CO 11(’[,t Ing I’Icc lrod[’ was r{’plarIId by a roll = 1/10 LIII*
nriqinnl dlaml~tor. All surfaclps oIIt\ldo ttlrwirr cyi-
ifldor aro !Irvat.orthan Lhp max Immn i,rItIurl hot n ranqn

I



cable effects. Tlm contrcl and readout chassis may
be as far as 50 to 100 in from the point of measure-r_ 9m9 mqllm1 7“ ment. This feature is particularly useful for stack.

---~ -
1 ...

I .-?+ and duct monitors.

I ;;, One of these systems was tested at one of our
tritlum procu~sing laboratories that IS noted for its

~~$d-~ ‘a;obsered

contam:natlng environment. After 16 weeks of constant
use no detectable change In the m~asurement baseline

, whtle considerable interior contamina-
tion was ohswved in a standard Kanne chamber in se-

L

rles with the new chamt,er. Steady-state tritim con-.-!.

‘~. :: “ i:: “-
centrations of about 0.1 ~C1/m3 would be measurable,
even with the contaminating environment. Note that
the present derived air concentration (DAC)* for con-

r:,mm r “Immm tro”led areas for HTO is 5wCi/m3.

Fig. 2. Improved Kanne chamber.

(about 1 cm) from the wires. The chamher’s area sen-
sitive to contamination was reduced by a factor of 40.
llccaIIsethis design eliminated the internal ion trap,
an exttirnal deionizer is provided.

The new elcctromctcr-chargcmeter, shown in Fig.
3, was dpsignrd to measure currents as lcM as 1 fA

(10-15 A), and Lo integrate these currentz to measure
accumulated charge. The elect.rcmctcrhaz 4 decades of
range, with a switch to select current ranges. Loga-
rithmic and linuar display of current is furnished in
analog format. The linear signal from the electrome-
ter fcmis a lo+drift vnltagc-to-frvqu’’lcyconverter
to provide digital signal int?gratinn for charrtrmea%-
urmnrnts. Chargc!nctm readout it a dinital c!i’,play

that covers 10 decndes from 10-l? C/di!lif to 10-? C
full scale. RI?arloutIs with 3 dccadcs of IIlqiial in-
dicator+ and expononl mulliplier$. The varactor
hrirlgcelrctrcmct~r opcratirmal w,plificr and it’,as-
sociated h!qh-!nugohm )etistors arc houwd in ?. sepJ-
rate ?rmp~raturr-controlled ovtw, shc’wr on lhv Icft
in Fig. 3. This is a ttandilrd r.ompn~luntovr” wdif icd
to stahili7r at a Lctmt’raturr .fucl alwvn ma. mum cq-

In many cases, small concentrations of total
tritium m~st be monitored routinely, but the system
must be dble to react to sudden, large ●xcursions such
as in an accident. Therefore, w ale developing a
mcmitor SySL’eM that is sensitive to lM COfICWItratiOIS

of tritiun and, at the same time, is linear over a dy-

namic range of lWq. The detector will have the same
resistance h contaminalium as that in the improved
Kannc chamber.

Fiqure 4 shows a cross section of the wide-range
ionization chamber we are building. The mcasurlng
region uses pari?llelgrid electrodes that provide im-
provti coliectinn fields over thnse of cylindrical
cl.ambcr~. The grids We made of open wire mesh to
r~duce th surface area that can be contaminated.
Each of the tdo active regions sends its own col-
loctinq elt’clrndesignal to a separate electrorncter.
The! firsl rcginn has an active volumr of 11 ~nd i%
uml on tli~ iow range (approximately 1 tn 10q xCi/
3

m ). Thr vol,imo of the s~conri rt?gion is 0,1~ and

cn tern. thr high ran~r (1114to 10RfiCi/m3). The hich-
ranqo zfictirmha% closor grid spacing to rrriucerenxm-
hination IIthigh conn?ntra’inns. Th~ lncomlng air can
h prcha!.[vlto rwtIIc~ cent am Inati on and hystrrcs i“..
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Fig. 5. Block diagram for processing current signals
from two outputs frrm wide- ra,lg~ ionization chamber.

f w accurate charge measurements. The high-range
electrometer will be a low-cost FET type, witn the
transimpedance resistor scaled approprfat~ly for the
range desired and for the sm~ller cham!)er volume.
Each amplifier feeds its owrI 4-rlccrrle logarithmic
amplifier. A srrlirl-state switching arrangement (all
s’witche! at low im;mdance levels to prevent transient
excursions) cnnn~cts only one in~ut signal at a time
to the cllri-erltand charg~-mc~c,’lrinq circuits, The
cro~sover s~n!.ing between Lhu two sets of circuits is
rkme with a ditcriminatol that triggers at the full-
scale level on tne lrw-r.arlqo electrometer. Suitablf?
output a~alog biasilg of the high-range current sig-
nal and proper scaling fart.or of the digital charge
pulses will assure c~ntinulty of readings over the 8
decades,

H~/H?Cl Selective Monitor. .. . . .. .... ____

Rartinlogical effects of tritium v~ry gr’.eatlywith
it~ form, Thcrofnrc, to nvoid grrr~r,ov{)rc~.tim~tc:,of
hazard riIIq tn Cxpnsllrc t.n lritium rIas, r+n[h form rrf
airhnrnc tril.lum sho,ilrlhr mr,lshrrd to O, Jtain n murr
accurato rrlo.lsurruf tll~~ra{liolrqlral hazar(i, Th(l
qnal, thrn, i; to mr?,~urc a small nmount of tho most
hazardous ‘;uh,,.let) (HToJ in r~~l time in the pres-
ence of a la~yc quar,tity of HT. ~emi~crmca!~le mem-

br,lnr?~ hav~ h[lmn u$!rt3 to improve t,hc HTO:II1 ratio
h,jt th~ tcchnfq,le it r,lth[~rfrl.,~!lsitiv~,ar,d m,,,l;ur[,.
m!lnt of smnll ,:nn~nntr,ltlqn~, t~kos morp I,han 10 min.
hnf)tllw t(lchnlqw is to mr,al,~rr the total t,ritiurn,
rrnrrvo tho HTCi with a rir~iccqrrt,,anri men\tm-I nqain.
Howcvrr, if n relativl!l,y Iarqr, ,molir)t of 1{1 I(.pr~r,-
rllt, nn~ rout,t dotorminr n ,,mall nu)lhcr (lhc amol~nt,of
1110) hv ~.uht.larting IW lrw!y nmltl~rs.

WO PP(JPO’,0 to mn.l-,llrcI.hc 1110 1).yhu~l(iifylnq thlu
,lir !lnrtIhcn r[!:n!,vlnqthr 11.,ntmd }110 hv crmdllnc,inq it

It 1)!11(! a could frin Ll!ld Lur, ,1, shown in Flq. 6,
Thl,, r.rlnt.ill,ltnr i% a rnt.at.lnq ril<k that pa’.r,r,.lMl-
tw(’,m tw, ph[~tomllltlplil$r tlhl,r, (PMT) Ilt,ff)rl)I)i)iflf]
!ItId anfi rrmlod aqn in. Tho pror~’.’, i’. lent lm,l IIc,,

wltl I an {,xp{)!tfldrfl’.p{wl’,rt inw of 1$-’!O~ ,, 1111 rorl-
rtcnzpriwater l~ulfito< thn ‘,1intllloLor from ttw MT
qiI$, lhus gi ,ng a Lll!l’ft mca~urerncnl oi th~ HTO
alrrn~m This <y$tpm should bc ‘,cn$ltivr to cur,cr!Ptra-

tinlt nf n fcw to 104 ~Ci/m~ of H1O,

lrlfi~lm/Ctlrlt,lminrlnt-G{!’l%’lortlvo Morllfor
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Fig. 6. Tritiated water-v?por monitor sketch. HiO
condt?nses on the notating sheet of plastic scin-
tillator thirt brings the activity br!twcen the PMTs
for counting.

rounding the reactors. Ordinary trt:ium air monitors
siJch as those dcscribucl a!~ove will be s~nsitivc to
this activatrrl air, making ri~t~ction of a tritium rP-
lenw following a burst of n~,,trnns rlifficlllt or it-n.
pos<ihle. Thcrrfor?, it is imperativ~ tc have an in.
strumcnt that can disr.rimlnat(, botwcen tritium and
the contaminant qace<, A su~vfi}~of existing and pr(j-

pI.r,cd mcLhnd\ of solving thit problem~ show~ that com-
mercially avallahlp proportional countw sy~tellizprn-
vide vwy good sen~itivitles ,MId gnod discrimination
if t.hc contamin,~t.inq gases ar~ k,lown. Howev Pr, th~,.o
riot~ctf)rs nrrri a cnlmtinq qac., and havp a limited
ranry, of sensitivity at hlghrv trltium cnnccntrat ion,..

Uc uzc a cnnccntrlc flow-thro~lqh innizat,inn ::h,lm.
bcr cly~t(~, wblch is relaLivcly -,implo, car, h,lnfll~,1
w!dr! r~ng!? of cnncpnl rat ion~,, #nt CO\tf, ]o,\ t.h,ln~flm.
mcrcial counting tystcm~. Tht rli~adv~ntag(?s includc
1nwl+r srws~llvity anri l,?<~ (iisrrlmin,llInrl th.in I’),.
proportional cnuntcr, Fiqurc 7 shows th.~ thror prin-
cipal cma,ial olrlmcnts, $amplod tilr it hrow~l!t Into
th,, <rlit hrrllow cvnlral rl{,ctro~to, A ptlrtitlnn fron
end 10 ml allow:, half thr rlcctrort~, LO \P-VV as an

air fnj@ctor h) Lk SMIIPlfnf] Voll Jf?@Q Wbil(! ttw ottlrr

half is an air c,]llcct,or for th{! fl~.tllc,)uq)l ~cttorl,
A <~rin~ nf hnln< alnng [hr Iwqth of thr e!rctroqip
iv~s uniform riistrihut,inn of air in,jmctinn and co!.

?rctinn Jl,,q the charnbpr axi~, Th~ lrllt,llT,,,,li,lt,,ryl -
inrlrr around ’thr central ~lertrorip arts fir,1p,lrtitinn
hrlwwn thf~ inner moa~,urinq rr,qlon ,In(ffb (IIIl(Irr(l~l.
pIIrI~.,Iflnq )crjlnn hnllntlorlhy tilr Cnrnp!,r).,,lt In(, ( h,IW,II~I.
Wallm Th{~ lrllrvmm-li,lt{~rylin(ipr ,lr II, ~., ,1 (-OIII(I,)!l I 111-

nlll o;firlrorlr at qrrrl:n(ipntmt ial,

.,
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Because of LASL’S heavy metals research and de-
velopment, measurement of such environmental contami-
nants as plutonium and americium is important. For
I=YTTPIP, a special instrumnt W?S required when LASL
wa, r,fiqu~stclto conduct an environmental radiological
evaluation of, 5500 acres of Ia,ld near LASL technical

~re,ls.6 R?:ause the property was to be opened to
tlw public, extreme care was required in the study.
Tht: need was for a portable system to provide rapid
field measurement for determining environmental levels
of mixed transuranic contaminants, and the Los Alamos

Field Pulse Height Analyzer (LAFPHA)7 was quickl.v
developed.

The LAFPHA used a commercial scintillation as-
sembly consisting of a thin Nal (Tl) crystal on a cy-
lindrical light pipe viewed hy a 5-in. P141. A beryl-
lium entrance windcw allowed detection of x rays and
lcrw-energ.v gama rays. The electronics consisted of
six individually sett~blc channels with appropriate
Cbllnters, timers, and displcys. One channel was set
t.o span ttw energies at -17 keV tu detect L-series
x rays of ,ranium occurring with the alpha flecay cf
plutonium, and one chanrml was adjlJsted to detect the

59.5-keV g?’n-.a-rc.yemission of 241PVrI. The ofhcr en-
?rgY r+~lln~ls w(~rc set to qivc h~ckground correction
r~,ldirvqs. Fiq(;rc R show~ the instrum(?nt in use in the
field. 11 ‘.?lectw! \urface activity lPSS than lfIO

nCi/m~ for ; ‘qPu and ?0 ,lCi/m~ for ?41Am.
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thin crystal, and those background ?vents that depfisit
energy In bnth crystals.

Battery-pwered electronics to analyze the sig-
nals from the scintillation detector were developed
and several ~orlels J: lW S:ITVC:: ‘nstwlr~nt PV~lVPd;
Fig. 9 shows thr= see”,: :Udel Trtt ctc:t:ctorwith itS
collimator is in a separate unit resting on ii:: sur-
face to be manitored. Instrument veado +. ant c9n-
trois are on the operator’s chest. The backpack con-
tains the batteries and most cIf the !l~rtronics.
This instrmcnt yields a ‘rduction in t,”rrkground fJf
a:~out a factor of ? cmparod t’ !I:It of the LAFpHA,
with little ?0ss of S+n’,itlvity.

A!phz Survpy lnstrmont—.— —

tie developed a new portable alpha survey instru-

!nent, called the #ee Peewee,9 that is smaller than
cm;]arable instru~ents an6 exhibit, improved sensi-
tivity. Figure III sh~ws the instrument with the
plpctrrjnics packaqe intpqral to tbc alpha air propor-
tional prohc. The cor&rcially available probe is
attacneci to th~ electronics case by two flanges and a
spring clip to allow quick and easy change of probes
in the $ielrl. T%T rnfitcr dct?:hes frm tlw ca<o and
can bc r~tendv:! by a co!ld c ,rc!w+(>n the Prche is

Fig, 10. Top view of Wee Peewee alpha survey meter
with integral air proportional probe.

plar. t.d srI thlt tile nrrm~l meter positirm is dlrglcult
LG seu, MCJLL nf the circuitry is fabricated in hybrid
for~,, which contrihutez to the small p~ckage size.
?his t~chnology h.l; her?n transferred to industry, and
a vprsion of thi~ instrument is nmv comerci all v
available,

Pu1 fwl-!~w?ron fiosiwter

Cn!mn@rc ially available survey instruments can~ot
mea’.ure accurat: pulsd-n+wtron dose rates in cas~<
where thr? detwtor resolving time results in sig-
nificant crrunl 10S”,PS. A!thr)uqh this is not an en-
virnrmrntal mrmitrwlng probl err;that relate”, to cx-
pOSIIIe,, tri a q~nl,’~1 population, it is “)igriifir. ant
l)aca!l$~ of thp gr~winq number of pul~ed. nputron r~-
r,odrch fac !litlpc ~nrl thr r!~sult~nt potcnticrl 0:-
cup,ltirmal hazards.

.
,,

1. ..-
About 10 years aqcr, workers at Fermi Nat inn~l

ArcolwtlLor l.,il,lr,!tory rir’vclnpcrla pu~tahlc instru -
ml)nt, th~ All)ntrcrsr.11[, th,lt II;PC $ilvrr foil arl.i-
vat Ion to ml~a$llrv d(l!,l’-PquivJlerl! r~tes ffan pIIlc,rI:l

nciltrrm~llo, The SI Ivw acl~ as an intoqratnr of
pill ‘.l’d-neutron flIIx inlnma! ion, with thr hntfi-actl.
vst Ion prOdU,.1,ri!)cayinq at a ratr! that can be Cnunted
with a G[,icrrr.M~llrr (G-M) tube dt!lpctor, Thr acli -
val.ion half-life is short onouqh to follnw chanqc:, In
tlw nrutron flux within s.rvwal mlnutvr,, Alh,~trn,,’,
Ill had all thf! hac,ic drtwtr)r cnnfirplr,ltIon and op
@ratlor,al fr?ature? w dr?slrocl. hut thr rlllbrat; on
prnc~riure of its analng circuitry war, r(mlpla- and

len thy,
!

Thl)r\!forc,wc developed Plhatrnr.< IV1 1 with
dig tnl prnrp’, tlng in a nn~-rhip mlcror,rvnpllfrrrvplac -
Inq thp ,In,llntl w(, iqrlt lnq and av~r~qlrlq r Irculfrv. U(,
,1IWI ad,h,rlfoalurpr. t (1 makr tho ln~trum[,rl!m,}r[,VPr,,.I-
t i lo and ra”.lw tn [al ihrato.
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ter witl very high sensitivity for measuring transu-
ranic Contaminants in soil samples.

Portable Ffu!tic$annel Analyzers—— L-.-— ______

T~e need for completely portable spectrometers
for en~irclifiental measurements i~ ;rn,:’ng, ana we ha”~e

developed sever?’ models. The first systemlz is shown
in Ftq. 12. The multichannel analyzer (MCA) on the
left \s P full-capability pulse-height analyzer with
1024 channels, CRT display, and multiple region-of-
interest integration. The instrument is microproces-
sor-controlled (Motorola 6802) with keyboard entry.
Data are stored on an ordinary audio cassette recorder
that is Cdrrled in the accessory case shorn at the
right in Fig. 1?. “the f4CA signal input requirements
allow many types of detectors to be used. Figure 12
shows a portable hype-p~re germanium detector for
high-resolution gamma spectroscopy and a standard
Nal(Tl) scintillation detector that is normally ca,
ried in the accessory case. “(his system proved that
an instrument with near-laboratory quality can be made
comp”:etely bJrtable.

An impwov~,l version of t+ first mrtatrlc MCA,
shawl in Fiq. 13, n,,s all t~. basic ftatures cf the
f:r~t ~OIICl .~nl additional qporat ional conveniences.
Ttli,accc ,sory c.,\P i:,nf, lor,g,.r r,(.c,led; thr CafLette
recorder is n,)w il”,tcqral wit? tho !KA. A!so, the
higl. -vcltnflc powcr sIippl,y and $pectrcxcop.y tmpl~fier,
nOw in th~ ‘KL r.asP, are clc.,i~n,,dto h,? prJqI”ITJ!il(I.

Xith th~ r(,ad-rr!v mrnorv (ROY) card that i~ pluI-Jged
l~!(l thl, !lp~w riohl cr?rnrr of th?, in,,trlrnent pane!,
tk 3r131yz* rac I)e pr;, program,, r! to perform ce~tairl
t~\k\, Thi., fe7!l/ro IIx?PmI\ IISP of thr instr,.mmt tc
un!r.3i!lml (,pl.r:tfI.-S, Ttw R5?37 i~frwfaw port WJ’I
adrfr.1 for s(.~i,ll inmJt/n,lTPII! CO’Wmiudtl, Y7 Wi:h J
~,lJ:,,i,,IfII r,,,:)pllt~r or !or~,nal. A ~:~rsior. of thl< 1~,-
<!~.Jo-IMIt wil I ,.,, en ~1, r{),~,lrci;,l Iy av; ;ilat) lo.

AII,II ir.t$llt.ca!IIgIMv i~ tho hind -h,.~,! o;Im,l...,I~

,,pa,r!t”fjlf,t~r qlln,ll\h(,wnin ~lg. la, Tn,,~.~q p,lck.
,1!-IICent ,nin,; a fiJl(Tl) ~cintil~!lt:on li,~!~,[tw, prr-
,wpllfier, vplif!rr, h:gh-v(,l!a.l,, T,:Jpply, ln(l J :“~.
III IIInCI! p,i!.,~-h,,,qlt an,ilv; pr. Th,, $Yr,trn i“. lricr?-
pr,l(ll~r.~)r-h,l,,~,l,mil ,1,,0.. ,1 ,,inqlo 1 iq,ll i-rrv,.t,ll ,1 :..-
pla,y I , il141r.lL, cIIJIIrIC.1 I)l)ml,t.r,. ,1111 rontcnf,, rrj,’)T-
IJf. lntt,r’t,~.t itltuf, ra l,,, dnd CIJIIII! rJl{. :n d r~,ill,)r ,)!
ln!llr(~~,t . A ,,t,l,,lr,ll,, fji,, play I., ~1.,PIj ~fl \llIIW [Ilf, M:;+

.,~If,I tVIII,I In ,,sbfr-,,n[>.
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14. Hand-held qbmna-ray $pectrcmeter. The scin-
tiilatirm detector extends to th~ left. The liqu~d-
cry~t~l assembly in the square opcnlnq displavs tho
MLA spectrum in selected segnents.
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